The purpose of this paper is to analyze the flow field on the propulsion nozzle of a micro-turbojet engine in function of the velocity. The 2D axisymmetric numerical simulation was made by using commercial software FLUENT ® . A microturbojet engine was also employed for this study and it has the following characteristics: 100 N thrust, 130,000 rpm, mass flow rate 0.2650 kg/s, weight 1.2 kg. This engine is operating in Mexico city under the following conditions: P 0 , 78,000 Pa T 0 , 300 K, π c , 2.1 and a turbine entry temperature of 1000 K; it is considered that the nozzle is not choked. For this study, the viscous standard k- model, a semi-empirical model based on transport model equations for the turbulent kinetic energy (k) and its dissipation rate (), is used. The transport model equation for k is derived from the exact equation, while the transport model equation for () is obtained by using physical reasoning and bears resemblance to its mathematically exact counterpart. The employed grids are structured and the boundary conditions are obtained from a thermodynamic analysis. The results that are obtained show an increment of the velocity of 6.25% to the exit propulsion nozzle.
Introduction
Before the 90's, the airplane modeling made of jet engine with a Ducted Fan, engines that basically ware a piston engine connected to a propeller of several blades as is shown in Figure 1 . This engine produced a thrust of about 53 N at 30,000 RPM. The model had a jet engine appearance, however, during operation; the engine sound was like a common piston engine [1] [2] [3] .
In the early 90's the first micro turbojet engine designed for airplane modeling purposes called JPX appeared. It was built by a French company. JPX-240 en- gine produced a thrust up to 40 N. The last model was JPX-260P engine that produced a thrust up to 62.3 N with a radial turbine as is depicted in Figure 2 . JPX engine represented a great advance for the airplane modeling world because of the technological development. At the same time, in the middle of 1994, Jesús Artes, Kurt Schreckling and Thomas Kamps developed the first micro-turbojet engine with an axial turbine, the KJ-66. This engine started giving a thrust of 44.14 N, and these days it produces 92.3 N to 128,000 RPM. Because of these great results other companies like RAM in USA, Simjet in Denmark, Jet-Cat in Germany, adopted this technology and they are also developing their own. Currently the only company that is building micro-jet engines with its own technology is AMT in Holland and USA. At the moment, these engines have higher demands in Europe, Australia, USA and Venezuela just to mention some countries. Nowadays, in Mexico City, Felipe Nieto along with Jesus Artes is manufacturing some components employing some of these high-tech engines.
Numerical Formulation
A two-dimensional axisymmetric numerical simulation of the complete steady flow on the propulsion nozzle of a micro-turbojet engine has been carried out. Calculations have been performed with a commercial software FLU-ENT ® . This code uses the finite volume method and the Navier-Stokes equations are solved on a structured grid. The code solves the fully compressible Navier-Stokes equations with implicit formulation.
Turbulence is simulated with the standard k- (two equations) model. The pressure-velocity coupling is calculated through the SIMPLE algorithm, second order upwind discretization for the momentum and turbulence kinetic energy [4] [5] [6] [7] .
The Standard k- Model
The standard k- model is a semi-empirical model based on transport model equations for the turbulent kinetic energy (k) and its dissipation rate (). The transport model equation for k is derived from the exact equation, while the transport model equation for  is obtained by using physical reasoning and bears little resemblance to its mathematically exact counterpart. In the derivation of the k- model, it was assumed that the flow is fully turbulent.
Transport Equations for the Standard k- Model
The turbulent kinetic energy (k), and its rate of dissipation (), are obtained from the following transport equation:
In these Equations (1) and (2), k represents the generation of turbulent kinetic energy due to the mean velocity gradients, b G is the generation of the turbulent kinetic energy due to buoyancy, 
The Turbulent Viscosity
The "eddy" or turbulent viscosity ( t  ), is computed by combining and k  as follows:
where C  is a constant.
Model Constants
The model constants 1
following default values [7] :
The degree to which  is affected by the buoyancy is determined by the constant 3 C  , it is not specified, but it is instead calculated according to the following relation. 
where  the component of the flow velocity is parallel to the gravitational vector and u is the component of the flow velocity perpendicular to the gravitational vector. In this way, 3 C  will become 1 for buoyant shear layer for which the main flow direction is aligned with the direction of gravity. For buoyant shear layers that are perpendicular to the gravitational vector, 3 C  will be zero. Figures 3 and 4 show the geometry and the dimensions of the propulsion nozzle with the external and internal cones. In this study the boundary conditions are obtained by a thermodynamic analysis, in which the micro-turbojet engine is being operated in Mexico City under the following conditions: P 0 , 78,000 Pa T 0 , 300 K, , 2.1 and a turbine entry temperature of 1000 K, it is considered that the nozzle is not choked. For this study, the grids have an ellipse quarter form, their length is 4L and their exterior radio is 3R. it is formed by three structured grid; grid (A) has 1330 quadrilaterals cells, the (B) has 950 and the (C) has 4910 with a total of 7190 quadrilateral cells. Figure 5(b) shows the grid of the modified propulsion nozzle and it is formed by two structure grids; grid (A) has 800 and the grid (B) has 18,100 cells with a total of 18,900 quadrilaterals cells. Table 1 shows the following boundary and initial conditions.
Configuration and Grid Generation

Results
The obtained results of the original propulsion nozzle in velocity contours fields form are shown in Figure 6 , where it is observed a discontinuity in the flow, mainly in the tail nozzle due to the presence of the adverse velocity gradients and a fall in the momentum of the flow. The velocity in this point is 334.98 m/s. Figure 7 shows a close-up of the velocity field at the exit of the nozzle, where it is observed some vectors columns. In the first one, the adverse velocity vectors appear totally devel- Copyright © 2012 SciRes. ENG oped and in the upper and below side it can be seen the formation of the flow eddies. In the second column, the formation adverse velocity vectors begin, and in the next columns it is observed the continuity of the flow with below momentum. Figure 8 shows the modified propulsion nozzle. Figure 9 shows the obtained results of the modified propulsion nozzle where it is observed the continuity in the flow principally in the tail nozzle and a continuation in the momentum. The velocity at this point is 335.47 m/s. Figure 10 shows a close-up of the velocity vectors field at the exit of the propulsion nozzle, where it is observed the continuity in the momentum of flow.
The Table 2 values were obtained from the grid (A) of Figure  11 shows the values of the velocity increments for each nozzle in function of % L. In this graphic it is observed that in point A there is an increment in the velocity of 2.31%, in point B 2.53%, in point C 6.22% and in point D there is an increment of 6.25%. In the original propulsion nozzle, the maxim value of velocity is reached in point B, and after it falls, due to the presence of adverse velocity gradients in the exit nozzle tail. On the other hand, in the modified propulsion nozzle, the velocity reaches its maxim in D, and after it falls [8] [9] [10] [11] [12] .
Conclusions
The results obtained in this study show the performance of the velocity field in the nozzles that were analyzed. Mainly, in the original propulsion nozzle, the presence of adverse velocity gradients in the exit provokes a decrease in the momentum of the flow, causing a falling in the velocity field. In the modified nozzle, the enlargement of the tail in the internal cone means a total increment of 6.25% in the velocity and continuity in the flow without the loss of the momentum in the flow.
